Apoptosis in mitochondrial myopathies is linked to mitochondrial proliferation.
Increased susceptibility to apoptosis has been shown in many models of mitochondrial defects but its relevance to human diseases is still discussed. We addressed the presence of apoptosis in muscle from patients with mitochondrial DNA (mtDNA) disorders. Taking advantage of the mosaic pattern of muscle morphological anomalies associated with heteroplasmic mtDNA alterations, we have used an in situ approach to address the relationship between apoptosis and respiratory defect, mitochondrial proliferation and mutation load. Different patterns of mitochondrial morphological alterations were provided by the analysis of muscles with large mtDNA deletion (16 cases) or with the MELAS mutation (4 cases). The patient's age at biopsy ranged from 0.4 to 66 years and the muscle mutant mtDNA proportion from 32 to 82%. Apoptotic muscle fibres were observed in a small proportion of muscle fibres of 16 out of the 20 biopsies by three different detection methods for different steps of apoptosis: caspase 3 activation, fragmentation of nuclear DNA [terminal deoxynucleotidyl transferase-mediated dUTP nick end labelling (TUNEL) assay] or overexpression of the pro-apoptotic factor Bax. Analysis of apoptotic features in parallel to cytochrome c oxidase (COX) and succinate dehydrogenase activity of more than 34,000 individual muscle fibres showed that apoptosis occurred only in muscle fibres with mitochondrial proliferation (ragged red fibres, RRF) irrespective of their COX activity. Molecular analyses of single muscle fibres evidenced that, as expected, the presence of COX defect was associated with higher proportion of mutant mtDNA and lower amount of normal mtDNA. Within COX-defective fibres, the presence of mitochondrial proliferation was associated with increase of the mtDNA content but without change in the ratio between normal and mutant mtDNA molecules, thus showing that mitochondrial proliferation was accompanied by similar amplification of normal and mutant mtDNA molecules. Within RRF, apoptosis was associated with higher mutation proportion, suggesting that it was provoked by severe respiratory defect in the same time as increased mitochondrial mass. In conclusion, apoptosis most probably contributes to mitochondrial pathology. It is tightly linked to mitochondrial proliferation and high mutation load. When considering training therapeutics, one will have to take into account the possibility to induce apoptosis in parallel to mitochondrial proliferation.